Abstract. The penetration of anthropogenic or "excess" CO2 into the North Atlantic Ocean was studied along WOCE-WHP section A2 from 49øN/lløW to 43øN/49øW using hydrographic data obtained during the METEOR cruise 30-2 in October/November 1994. A backcalculation technique based on measurements of temperature, salinity, oxygen, alkalinity, and total dissolved inorganic carbon was applied to identify the excess CO2. 
Introduction
The increasing demands of a steadily expanding mankind have raised the atmospheric concentration of CO 2 through burning of fossil fuels and changes in land use by 30% since the 18th century. From the long-standing record of atmospheric CO2 [e.g., Keeling et al., 1995] we know, that only less than half of these anthropogenic emissions of CO2 remain airborne. The ocean has long since been recognized as an important sink for a significant portion of the "missing" anthropogenic CO2. While from a thermodynamic point of view it is clear, that in a future steady state the ocean will have absorbed of the order of 85% of the man-made CO2, the kinetics involved make the actual uptake rather slow. With a mean ventilation time of the world ocean of 500-1000 years as the main kinetic barrier the ocean cannot keep pace with the atmospheric perturbation. As it is the ocean, which ultimately determines the atmospheric CO2 concentration, the understanding of its role in the global carbon cycle has become a key question in discussions and predictions of a global climate change.The method has been described in more detail elsewhere [e.g., Brewer, 1978; Chen and Millero, 1979; Krumgalz et al., 1990] and shall therefore only be outlined here. It involves backcalculation of the total dissolved inorganic carbon concentration (CT) of a seawater sample to its initial (preformed, superscript zero) concentration when it was at the sea surface (C•øld). As a water body sinks and loses contact with the atmosphere, any changes in CT must result from decomposition of particulate organic matter (POM), dissolution of particulate carbonates, and mixing of water masses with different preformed values. The distinction of the contributions of these mechanisms and processes is required for the calculation of the historical preformed C t values. This is feasible on the basis of changes in AT, AOU, salinity and potential temperature. The difference (AC•.) between C.
• 'øld and the contemporary preformed CT value (C•: pres) is a measure of the anthropogenic CO2 in the seawater sample. The method is principally based on two assumptions: (1) the source region of the sampled water has remained at a fixed degree of saturation (not necessarily equilibrium) with respect to the atmospheric CO2 concentration (steady state assumption), and (2) surface seawater alkalinity has remained constant over time (i.e., the anthropogenic CO2 invasion does not affect the surface alkalinity).
The formation/decomposition of particulate organic matter in the ocean can be described according to the RedfieldKetchum-Richards model [Redfield et al., 1963] by the following well-known equation ( The total change in A T (•XAT) resulting from dissolution of particulate carbonates (ZXAT,caCO3) and remineralization of POM is then given by (4). The AOU factor of (1-18)/138 represents the release of 1 mol HPO42-and 18 moles H + per consumption of 138 moles 02 during the remineralization process according to (1). Both products are relevant for the alkalinity change as they are included in the definition of alkalinity after Dickson [1981] . This effect is also known as "nitrate correction" and can be regarded as an in situ titration of alkalinity:
• [1996] show greater similarity to our profiles of the eastern basin. The difference between the results are to some extent due to the 12-year time difference between 1982 and 1994, which witnessed the steepest increase in atmospheric and thus also oceanic inventories of anthropogenic CO2. The horizontal averaging in latitude belts also obscures some of the information contained in the zonal sections of Gruber et al. [1996] . Although there remain some quantitative discrepancies, we find the overall agreement encouraging. As there is no obvious reason for our results to be significantly biased high, we feel that in previous studies the uptake of anthropogenic CO2 into the North Atlantic Ocean has been underestimated to some extent.
Conclusions
The penetration depths of anthropogenic CO2 reported here are in full agreement with earlier results mainly based on GEOSECS data [Chen, 1982b [Chen, , 1987 . Nowhere in the world ocean has such a deep penetration of anthropogenic CO2 been found. Significant areas of bottom sediments in the Western North Atlantic are already exposed to the deepest extension of the anthropogenic CO2 perturbation. Therefore the dissolution of carbonate minerals as the final long-term step of the equilibration with the perturbed atmosphere must already have started in these areas.
A comparison with data of the distribution of carbontetrachloride determined during the same cruise shows a remarkable agreement with very similar patterns in the two basins. It remains an important step to investigate the correlation between volatile halocarbons of anthropogenic origin (CCl4, CFCs) and the excess CO2 in the North Atlantic Ocean.
The present findings fit into the broad picture and the general patterns of the thermohaline circulation with the downward moving limb of the "Great Ocean Conveyor" being located in the North Atlantic Ocean. The North Atlantic Ocean can be regarded as a transit region for excess CO2: Surface waters on their northbound way from the warm to the cold surface ocean consecutively take up excess CO2, which is subjected to export to the deep ocean when the North Atlantic Deep Water is formed. This so-called "solubility pump" is a major process in dislocating the anthropogenic CO2 from the surface ocean to the deep, where it is separated from the atmosphere for periods of several centuries. Our estimate of the specific anthropogenic CO2 inventory can be explained by uptake of anthropogenic CO2 through the surface of the area as well as by waters advected from the south, which carry a higher anthropogenic CO2 content than deep waters leaving southward down below. While the broad picture is consistent with the present understanding of the role of the North Atlantic, a thorough estimation of a basin-wide inventory of the anthropogenic CO2 would need more data, especially from meridional transects in the North Atlantic Ocean. Modification of the original backcalculation technique as for example proposed by Gruber et al. [1996] carry the potential to improve the reliability of the method significantly.
